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U.S. DOE and Hydrogen Fuel Cell Technology Office H2@Scale 
Vision imagines a robust hydrogen economy
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Project Financial Analysis with H2FAST

The Hydrogen Financial Analysis Scenario Tool (H2FAST)

• Generally accepted accounting principles (GAAP) analysis of 
individual hydrogen infrastructure projects (production, 
distribution, retail)

• Annual computation of income statements, cash flow 
statements, balance sheets.

• Cost attribution by category

• Incentive policy analysis

• Risk analysis

Operating costs

Capital costs

Incentives impact

Incentives

Financing

Financial 
performance

Scenarios

Risk analysis

$10.00
$4.44

$3.33
$1.28

$0.49
$0.20
$0.04

$19.78

$4.79
$4.21

$3.14
$1.92

$1.39
$1.34

$0.85
$0.70

$0.36
$0.27
$0.25
$0.23
$0.17
$0.06
$0.05
$0.04
$0.01

$19.78

Revenue from hydrogen sales
Revenue from electricity co-production

Inflow of equity
Inflow of debt

Monetized tax losses
Revenue from waste heat sales

Cash on hand recovery

Total cash inflows

Maintenance expense
Dividends paid

Equipment cost
Cost of natural gas

Taxes payable
Interest expense

Repayment of debt
Installation expenditure

Road tax
Property insurance

Credit card fees
Sales tax

Cost of electricity
Cash on hand reserve

Selling & administrative
Rent

Licensing & permitting

Total cash outflows

Operating revenue
Financing cash inflow
Operating expense
Financing cash outflow
Totals

Real levelized values ($/kg H2)
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Leveraged, after-tax, nominal IRR

Cost attribution
Incentives
scenarios

Risk analysis

https://www.nrel.gov/hydrogen/h2fast.html

https://www.nrel.gov/hydrogen/h2fast.html


NREL    |    10

3 General Process Plants In Methane Pyrolysis Program

Hydrogen-centric processes Carbon-centric processes Carbon upgrading processes

Natural gas

Electricity

Makeup
Catalysts

Hydrogen

Carbon

Waste heat

Natural gas

Electricity

Makeup
Catalysts

Carbon

Hydrogen

Waste heat

C-Precursors

Electricity

C-Fibers

Waste heat

• Produces low-value carbon (e.g. 
graphitic carbon)

• Majority of revenue generated 
from sale of hydrogen

• Produces high value carbon (e.g. nano-
tubes)

• Majority of revenues are from carbon 
products and hydrogen comprises 
small portion of overall revenue

• Can yield lowest cost hydrogen

• Upgrades low value carbon products

• Does not produce hydrogen

Pyrolysis plant Pyrolysis plant
Carbon upgrading 

plant
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Common Assumptions Among Project Analysis

Plant operating assumptions

• Start year 2020

• N’th plant capital cost estimate

• On-stream factor 95%

• Construction period 12 months

• Demand ramp-up 0 years

• Labor rate (fully loaded) $69/h

Financing assumptions

• After-tax nominal discount rate 8%

• Debt to equity ratio: 1.5

• Interest rate: 3.7%

• Income tax rate (federal & state) 25.7%

• Depreciation method 10-year MACRS

• General inflation 1.9%

• Working capital (liquidity):  1 month of operating expenses 

• Reference dollars $2020 (cost reported for first year and subject to general inflation escalation in subsequent years)

Energy & feedstock cost assumptions

• Cost of industrial natural gas EIA 2021 Reference Case ($4.08/mmBTU in 2021)

• Cost of industrial electricity EIA 2021 Reference Case (7.3¢/kWh in 2021)

• Catalyst replacement cost escalation 1.9%

• Waste heat value = direct displacement rate of natural gas combustion

• Cost of CO₂ = $0/ton

• Waste disposal = $0/ton
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Hydrogen-Centric Process
03 PARC, 2018 Open (Brad Rupp team)

2.71

0.34

0.30

0.27

0.02

0.02

0.00

1.36

0.80

0.44

0.37

0.22

0.10

0.10

0.09

0.06

0.06

0.03

0.03

0.00

0.00

Hydrogen sales

Inflow of equity

Graphitic carbon sales

Inflow of debt

Monetized tax losses

Cash on hand recovery

Sale of non-depreciable assets

Electricity

Natural gas

Installed capital

Dividends paid

Repayment of debt

Labor

Interest expense

Other fixed OpEx

Total annual maintenance

Catalyst

Income taxes payable

Cash on hand reserve

Non-depreciable assets

Capital gains taxes payable

Operating revenue

Financing cash inflow

Operating expense

Financing cash outflow

Real levelized value breakdown of hydrogen ($/kg)

Graphitic carbon = $100/m.ton

Graphitic carbon = $500/m.ton

1.51

1.50

0.34

0.27

0.02

0.02

0.00

1.36

0.80

0.44

0.37

0.22

0.10

0.10

0.09

0.06

0.06

0.03

0.03

0.00

0.00

Hydrogen sales

Graphitic carbon sales

Inflow of equity

Inflow of debt

Monetized tax losses

Cash on hand recovery

Sale of non-depreciable assets

Electricity

Natural gas

Installed capital

Dividends paid

Repayment of debt

Labor

Interest expense

Other fixed OpEx

Total annual maintenance

Catalyst

Income taxes payable

Cash on hand reserve

Non-depreciable assets

Capital gains taxes payable

Operating revenue

Financing cash inflow

Operating expense

Financing cash outflow

Real levelized value breakdown of hydrogen ($/kg)
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Nano-tube Centric Process
Stanford TINA 2019 (Matteo Cargnello team)

1.00
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Hydrogen sales
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Cash on hand recovery

Monetized tax losses

Sale of non-depreciable assets

Natural gas

Electricity

Installed capital

Dividends paid

Labor

Repayment of debt

Other fixed OpEx

Interest expense

Total annual maintenance

Catalyst

Income taxes payable

Cash on hand reserve

Non-depreciable assets

Capital gains taxes payable

Operating revenue

Financing cash inflow

Operating expense

Financing cash outflow

Real levelized value breakdown of hydrogen ($/kg)

5.00
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0.16
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0.01
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0.87
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Electricity
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Dividends paid
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Interest expense

Total annual maintenance
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Operating revenue
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Operating expense
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Real levelized value breakdown of hydrogen ($/kg)
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Real levelized value breakdown of hydrogen ($/kg)

Low C value case: ($200/tonne
graphitic, $1000/tonne nanotubes)
Low C- value-> Highest H2 revenue 
needed $0.88/kg

Mid C value case: ($300/tonne
graphitic, $5,000/tonne
nanotubes)
Low C- value-> H2 revenue is not 
needed to achieve financial 
performance (negative $3.3/kg H2)

Hgih C value case: ($400/tonne
graphitic, $10,000/tonne
nanotubes)
Low C- value-> H2 revenue is not 
needed to achieve financial 
performance (negative $8.5/kg H2)
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Carbon upgrading process
05 JHU TINA 2019 (Chao Wang team)
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Carbon fiber sales

Process heat sales

Inflow of equity

Inflow of debt

Monetized tax losses

Cash on hand recovery

Sale of non-depreciable assets
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Electricity

Precursors

Total annual maintenance

Dividends paid

Installed capital

Interest expense

Income taxes payable

Repayment of debt

Cash on hand reserve

Non-depreciable assets

Capital gains taxes payable

Operating revenue

Financing cash inflow

Operating expense

Financing cash outflow

Real levelized value breakdown of carbon fiber ($/kg)
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Methane Pyrolysis Has Potential of Satisfying the Hydrogen Energy 
Earthshot
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Pyrolysis May be Prudent Addition to Pathways of Supply 
Chain Modeling In SERA

• Energy prices 
(natural gas, 
electricity, etc.)

• Renewables 
(biomass, solar, 
wind)

• Terrain, rights of 
way, etc.

The SERA model simulates least-cost hydrogen 
infrastructure supply systems for urban FCEV markets 

Energy 
Resources

Hydrogen 
Production

Storage & Delivery
Retail Station 

Networks

Los Angeles

• Central and onsite 
production facilities 

• Capacity sized to 
meet forecasted 
demand

• Economies of scale 
balanced with 
delivery costs

• Truck delivery, rail, 
and pipeline.

• Cost is sensitive to 
volume, distance

• Seasonal and 
weekly storage

• Networked supply 
to multiple cities

• Coverage stations for 
FCEV introductions  

• Station sizes increase 
with market growth

• Liquid and pipeline 
delivery networks 
compete for large 
stations



www.nrel.gov

Thank you.
Contact information:

mike.penev@nrel.gov

H2FAST model, case studies, and documentation:
https://www.nrel.gov/hydrogen/h2fast.html

mailto:mike.penev@nrel.gov
https://www.nrel.gov/hydrogen/h2fast.html
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NREL H2 Production Economic Tools: H2A

Feedstock 
and Utility 
Prices (AEO)

Physical 
Property 

Data

Standard Price and 

Property Data
Information Cost Analysis

Technical Analysis

Cost of H2

Cost 

Contribution

Sensitivity

Analyses

Results

Process 
Description

Title
References

Financial
Inputs

Performance  
Assumptions

Cost Inputs

Process
Flowsheet

Replacement    
Costs

Stream
Summary

Spreadsheet Examples
$1.56 

$0.00 

$-

$0.83 

$0.21 

$0.14 

$0.12 

$0.12 

$0.09 

$0.03 

$0.02 

$0.00 

$0.00 

$0.00 

$-

 $-  $0.50  $1.00  $1.50  $2.00

Real Levelized Values
(per kg H2)

Cost of Hydrogen

Salvage Value

Byproduct Sales

Feedstock Cost

Other Variable Operating Costs

Initial Equity Depreciable Capital

Yearly Replacement Costs

Fixed Operating Cost

Debt Interest

Taxes

Cash for Working Capital Reserve

Principal Payment

Decommissioning Costs

Other Non-Depreciable Capital Costs

Other Raw Material Cost

1.51

1.53

1.54

1.54

1.55

1.55

1.56

1.61

1.58

1.57

1.57

1.57

1.56

1.56

1.56

$1.4 $1.5 $1.5 $1.5 $1.5 $1.5 $1.6 $1.6 $1.6 $1.6

Feedstock Consumption (% of baseline)
(95%, 100%, 105%)

Operating Capacity Factor
(95%, 90%, 86%)

Total Capital Investment
($460,000K, $484,210K, $508,421K) 

Plant Design Capacity (kg of H2/day)
(398,356, 379,387, 360,418) 

Total Fixed Operating Cost
($13,871K, $14,601K, $15,331K) 

Utilities Consumption (% of baseline)
(95%, 100%, 105%)

After-tax Real IRR
(8%, 8%, 8%)
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Technical Operating Parameters and Specifications

Operating Capacity Factor (%) 90.0%

Plant Design Capacity (kg of H2/day) 379,387

Plant Output (kg/day) 341,448

Plant Output (kg/year) 124,628,630

Financial Input Values

Reference year 2016

Assumed start-up year 2015

Basis year 2005

Length of Construction Period (years) 3

% of Capital Spent in 1st Year of Construction 8%

% of Capital Spent in 2nd Year of Construction 60%

% of Capital Spent in 3rd Year of Construction 32%

% of Capital Spent in 4th Year of Construction

Start-up Time (years) 1

Plant life (years) 40

Analysis period (years) 40

Depreciation Schedule Length (years) 20

Depreciation Type MACRS

 % Equity Financing 40%

Interest rate on debt, if applicable (%) 3.70%

Debt period (years) Constant debt

% of Fixed Operating Costs During Start-up (%) 75%

% of Revenues During Start-up (%) 50%

% of Variable Operating Costs During Start-up (%) 75%

Decommissioning costs (% of depreciable capital investment) 10%

Salvage value (% of total capital investment) 10%

Inflation rate (%) 1.9%

After-tax Real IRR (%) 8.0%

State Taxes (%) 6.0%

Federal Taxes (%) 21.0%

Total Tax Rate (%) 25.74%

WORKING CAPITAL (% of yearly change in operating costs) 15%

$1.56 

$1.46 

↓0.05

↓0.02

↓0.02

↓0.01
↓0.00

 $1.40

 $1.42

 $1.44

 $1.46

 $1.48

 $1.50

 $1.52

 $1.54

 $1.56

 $1.58

Baseline Feedstock

consumption

(% of most

likely value)

= -5%

Operating

capacity

factor

= +5%

Total capital

investment

($)

= -5%

Total fixed

operating

cost ($/year)

= -5%

Utilities

consumption

(% of most

likely value)

= -5%

Adjusted

AEO_2017_Reference_Case

Year

Feedstock Type

Residential Natural Gas

Commercial Natural Gas

Industrial Natural Gas

Electric Utility Natural Gas

Woody Biomass

Electric Utility Steam Coal

Commercial Electricity

Industrial Electricity

Residential Electricity

https://www.nrel.gov/hydrogen/h2a-production-models.html

https://www.nrel.gov/hydrogen/h2a-production-models.html

